Materials Properties Handbook: 

Titanium Alloys 



Rodney Boyer 
Boeing Commercial Airplane Company 

Gerhard Welsch 
Case Western Reserve University 

E.W. Collings 
Battel le Memorial Institute (Columbus) 



Dr. William W. Scott, Jr., Director of Technical Publications j 
Scott D. Henry, Manager of Handbook Development 
Steve Lampman, Handbook Editor 
Veronica Flint, Acquisitions and Review 

Production Assistance 

Nancy M. Sobie 
Ann-Marie O'Loughlin 
Randal! L. Boring 

Patricia Eland 
William J. O'Brien 
Jeff Fenstermaker 

Editorial Assistance 
Nikki D. Wheaton 
Judith Woodruff 
Terri Weintraub 



ASfK 



The Materials 
Information Society 





Copyright © 1994 
by 

ASM International 
All rights reserved 



No part of this book may be reproduced, stored in a retrieval system, or transmitted, in any form or by any 
means, electronic, mechanical, photocopying, recording, or otherwise, without the written permission of 
the copyright owner. 



First printing, June 1994 
Second printing, January 1998 

This book is a collective effort involving hundreds of technical specialists. It brings together a wealth of 
information from worldwide sources to help scientists, engineers, and technicians solve current and 
longrange problems. 

Great care is taken in the compilation and production of this Volume, but it should be made clear that 
NO WARRANTIES, EXPRESS OR IMPLIED, INCLUDING, WITHOUT LIMITATION, WARRAN- 
TIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE, ARE GIVEN IN 
CONNECTION WITH THIS PUBLICATION. Although this information is believed to be accurate by 
ASM, ASM cannot guarantee that favorable results will be obtained from the use of this publication alone. 
This publication is intended for use by persons having technical skill, at their sole discretion and risk Since 
the conditions of product or material use are outside of ASM's control, ASM assumes no liability or 
obligation in connection with any use of this information. No claim of any kind, whether as to products or 
information in this publication, and whether or not based on negligence, shall be greater in amount than the 
purchase price of this product or publication in respect of which damages are claimed. THE REMEDY 
HEREBY PROVIDED SHALL BE THE EXCLUSIVE AND SOLE REMEDY OF BUYER, AND IN NO 
EVENT SHALL EITHER PARTY BE LIABLE FOR SPECIAL, INDIRECT OR CONSEQUENTIAL 
DAMAGES WHETHER OR NOT CAUSED BY OR RESULTING FROM THE NEGLIGENCE OF 
SUCH PARTY. As with any material, evaluation of the material under enduse conditions prior to specifi- 
cation is essential. Therefore, specific testing under actual conditions is recommended. 

Nothing contained in this book shall be construed as a grant of any right of manufacture, sale, use, or 
reproduction, in connection with any method, process, apparatus, product, composition, or system, whether 
or not covered by letters patent, copyright, or trademark, and nothing contained in this book shall be 
construed as a defense against any alleged infringement of letters patent, copyright, or trademark, or as a 
defense against liability for such infringement 

Comments, criticisms, and suggestions are invited, and should be forwarded to ASM International. 

Library of Congress Cataloging-in-Publi cation Data 

Materials properties handbook: titanium alloys / 
editors, Rodney Boyer, Gerhard Welsch, EW. Collings 

p. cm. 
ISBN 0-87170-481-1 



1. Titanium alloys. 

I. Welsch, Gerhard. 

II. Boyer, Rodney 

III. Collings, E.W. 



TA480.T54M37 1994 
620. 1 * 89322— dc20 94- 1 579 1 

CIP 

SAN No. 204-7586 

ASM International® 
Materials Park, OH 44073-0002 



Printed in the United States of America 



TI-6AI-4V/483 



| Ti-6AI-4V 

Ti64, 6AI-4V, 6-4 

UNS Number: R56400 (normal interstitial grade); R56401 (extra-low interstitial grade); R56402 
(filler metal) 



-Introduction 



Ti-6A1-4V presently is the most widely used ti- 
tanium alloy, accounting for more than 50% of all 
titanium tonnage in the world, lb date, no other ti- 
tanium alloy threatens its dominant position. The 
aerospace industry accounts for more than 80% of 
this usage. The next largest application of Ti-6A1- 



4V is medical prostheses, which accounts for 3% of 
the market. The automotive, marine, and chemical 
industries also use small amounts of Ti-6A1-4V 
(see the section "Applications* in this introduc- 
tion). 



Chemistry 



Product 
Forms 



Effects of Impurities and Alloying. Ti-6A1- 
4V is produced in a number of formulations. De- 
pending on the application, the oxygen content 
may vary from 0.08 to more than 0.2% (by weight) , 
the nitrogen content may be adjusted up to 0.05%, 
the aluminum content may reach 6.75%, and the 
vanadium content may reach 4.5%. The higher the 
content of these elements, particularly oxygen and 
nitrogen, the higher the strength. Conversely , 
lower additions of oxygen, nitrogen, and alumi- 
num will improve the ductility, fracture toughness. 



Ti-6A1-4V is available in wrought, cast, and 
powder metallurgy (P/M) forms, with wrought 
products accounting for more than 95% of the mar- 
ket. The properties of these various product forms 
will vary depending on their interstitial contents 
and thermal-mechanical processing. Processing 
methods and characteristics of Ti-6A1-4V are dis- 
cussed in a separate section entitled "Processing." 

Wrought Product Forms. Ti-6A1-4V is avail- 
able in a wide range of wrought product forms (see 
Table). 

The aircraft industry uses all wrought product 
forms. Forgings are used to fabricate various at- 
tachment fittings, and sheet and plate are used to 
fabricate numerous clips, brackets, skins, bulk- 
heads, etc. Extrusions are not used extensively, 



stress-corrosion resistance, and resistance against 
crack growth . 

ELI Grade. TH-6A1-4V is available in ELI 
(extra-low interstitial) grades with high damage- 
tolerance properties, especially at cryogenic tem- 
peratures. The principal compositional characteristics 
are low oxygen and iron contents. 

Ti-6A1-4V-Pd is a grade that has palladium ad- 
ditions (about 0.2 wt% Pd) for enhanced corrosion 
resistance. Sumitomo Titanium has produced this 
grade. 



but are used for parts such as wing chords and 
other parts with long, constant cross-sections. 
Wire is used to produce the numerous fasteners 
found on wings. Ti-6A1-4V tubing has been used for 
components such as torque tubes. In missile and 
space applications, Ti-6A1-4V has been used for 
rocket engine and motor cases, pressure vessels, 
wings, and generally in applications where weight 
is critical. 

Castings. Ti-6Al-4 V of the same chemistry as 
for wrought materials has excellent casting char- 
acteristics. However, the high reactivity of tita- 
nium in the molten state requires suitable casting 
technology and has limited the number of titanium 
foundries. In general terms, the mechanical and 
fatigue properties of castings will be slightly lower 



T1-6AI-4V: Wrought products 



Product 



ize and weight ranges 



Price comparison(a) 



Ingot 
Billet 

Bar 

Die forging 
Plate 

Sheet 

Tube 

Forged block 
Extrusion 



Wire 



3200 to 1 3,600 kg (7000 to 30.000 lb) 

Normally 100 mm (4 in.) diamto about 355 mm (14 in.) diam or square. Billets up to 

5000 lb have been sold, but this is nor necessarily the upper limit_ 
Cross-sections up to 0.4 x 0.4 m ( 1 6 x 1 6 in.) 
From <0.5 kg to >1300 kg (<1 lb to >3000 lb) 

Typical dimensions: Thickness: 5 to 75 mm (0. 1 875 to 3 in.); Width: 9 15 and 1220 

mm (36 and 48 in.); Length: 1.8, 2.4, and 3 m (72, 96, and 120 in.) 
Typical dimensions: Thickness: 0.4 to 4.75 mm (0.01 6 to 0. 1 87 in.); Width: 915 and 

1220 mm (36 and 48 in.); Length: 1.8, 2.4, and 3 m (72, 96, and 120 in.) 
Specialty item 

Available in a wide range of sizes, with maximum size related to ingot size and the Ti, S8/lb; stainless steel and Al, S2.50-3/lb 

amount of work thai can be imparted to the forged block 
From circle sizes of about 25 to 760 mm (1 to 30 in.) diam. Minimum thickness of 

about 3 mm ( 1/8 in.) for small circle sizes, and about 13 mm (1/2 in.) for large circle 

sizes 



Ti, $30/lb; Al, $ 10/lb; stainless steel, S8/lb 



Tu S 1 671b; stainless steel $3/Ib; Al, $2-4/lb; Inco 718, 
$ 10/lb 



Ti, $ 1 3- 1 5 lb; 300 series stainless steel, $3^4/lb; 1 5-5PH, 
$4-5/lb; 13-8PH, $9-1 2/lb; Al, S2-4/lb 



Typically manufactured in sizes ranging from 0.28 to 12.2 mm (0.01 1 to 0.480 in.) 
diam 



1/4 in. wire: Ti, $26/lb; A283, $671b; stainless steel, 
S7.50/lb; 8740, $ 1/lb; Al 7075, S2.30/lb 



(a) Due to its lower density, 1 lb of titanium is approximately 1.7 to 1.8 more material by volume than 1 lb of steel or nickel-base alloy. 



applications in high-performance and racing cars 
where weight is critical, usually in reciprocating 
and rotating parts, such as valves, valve springs, 
connecting rods, and rocker arms. It also has been 
used for drive shafts and suspension springs. Cast 
Ti-6A1-4V also has had minor use in automotive 
applications. 

Marine applications of wrought Ti-6A1-4V 
include armaments, sonar equipment, deep-sub- 
mergence applications, hydrofoils, and capsules 
for telephone-cable repeater stations. Casting ap- 
plications include water-jet inducers for hydrofoil 
propulsion and seawater ball valves for nuclear 
submarines. 

P/M Applications. The BE method produces a 
product with less than full density that can be as 
strong as wrought material, but that generally has 
lower ductility, toughness, and fatigue strength. 
Process modifications can improve these latter 



properties, even making them comparable to 
wrought, but they increase costs. 

The BE approach has found a niche for the pro- 
duction of near-net-shape components or of low- 
cost preforms for subsequent processing, such as 
forging. Applications include sidewinder missile 
housing, missile fins, connecting rods, turbine 
blade preforms, hex stock preforms for fittings, 
nuts, mirror hubs, and lens housings. 

High cost has thus far limited potential appli- 
cations of PA technology to, for the most part, the 
manufacture of critical aerospace components. A 
number of demonstration parts are now flying in 
the F-15 and the F- 18 airplanes, but none is made 
on a production basis. The increased demand for ti- 
tanium aluminides in higher-temperature appli- 
cations is creating interest in PA technology of P/M 
titanium. 



Ti-6AI-4V and equivalents: specifications and compositions 



Specifi- 
cation 


Desig- 
nation 

■ ' ' ' 


Descrip- 
tion 


Al 


C 


Fe 


H 


N 


/^\ 

( o ; 


V 


OT 


Other 


UNS 


R564O0 


Weld Wir 


5.5-6.75 


0.1 


0.4 


0.015 


0.05 


0.2 


33-43 




balTi 


UNS 


R56401 




6 












4 




balTi 


UNS 


R56402 


HllMet 


5.5-6.75 


0.04 


0.15 


0.005 


0.012 


0.1 


33-43 




balTi 


Europe 
























AECMA 


T1-P63 


Sh Sop Pit Bar 


53-6.75 


0.08 


0.3 


0.01 


0.05 


03. 


33-43 


0.4 


balTi 


prEN2517 




Ann 




















AECMA 




Bar Ann 


53-6.75 


0.08 max 


0.3 max 


0.0125 max 


0.05 max 


0.2 max 


33-45 


0.4 max 


OE0.1 max; 


prEN2530 






















balTi 


AECMA 




FrgAnn 


53-6.75 


0.08 max 


0.3 max 


0.0125 max 


0.05 max 


0.2 max 


33-43 


0.4 max 


OE 0,1 max; 


prEN2531 




















balTi 


AECMA 




FrgNHT 


5,5-6.75 


0.08 max 


0.3 max 


0.0125 max 


0.05 max 


0.2 max 


33-43 


0.4 max 


OE 0.1 max; 


prEN3310 




















balTi 


AECMA 




Bar Ann 


53-6.75 


• 0.08 max 


0.3 max 


0.0125 max 


0.05 max 


0.2 max 


33-43 


0.4 max 


OE 0.1 max; 


piEN3311 






















balTi 


AECMA 




FrgAnn 


53-6.75 


0.08 max 


0.3 max 


0.0125 max 


0.05 max 


0.2 max 


33-43 


0.4 max 


OE 0.1 max; 


prEN3312 






















balTi 


AECMA 




FrgNHT 


53-6.75 


0.08 max 


0.3 max 


0.0125 max 


0.05 max 


0.2 max 


33-43 


0.4 max 


OE 0.1 max; 


prEN3313 




















balTi 


AECMA 




BarSTA 


53-6.75 


0.08 max 


0.3 max 


0.0125 max 


0.05 max 


0.2 max 


33-43 


0.4 max 


OE 0.1 max; 


prEN3314 






















balTi 


AECMA 




FrgSTA 


, 53-6.75^ 


0.08 max 


0.3 max 


0.0125 max 


0.05 max 


0.2 max 


33-4.5 


0.4 max 


OE 0.1 max; 


piEN3315 — 






















balTi 


AECMA 




Inv Cast Ann 


53-6.75 


0.1 max 


0.3 max 


0.015 max 


0.05 max 


0.22 max 


33-43 


0.4 max 


OE 0.1 max; 


prEN3352 




HIP 


















balTi 


AECMA 




BarWirSTA 


53-6.75 


0.08 max 


0.3 max 


0.0125 max 


0.05 max 


0.2 max 


33-43 


0.4 max 


OE 0.1 max; 


prEN3353 






















balTi 


AECMA 




ShAnn 


53-6.75 


0.08 max 


0.3 max 


0.0125 max 


0.05 max 


0.2 max 


33-43 


0.4 max 


OE 0.1 max; 


prEN3354 






















balTi 


AECMA 




Ext Ann 


5.5-6.75 


0.08 max 


0.3 max 


0.0125 max 


0.05 max 


0.2 max 


33-43 


0.4 max 


OE 0.1 max; 


prEN3355 






















balTi 


AECMA 




SbStrpAnn 


53-6.75 


0.08 max 


0.3 max 


0.0125 max 


0.05 max 


0.2 max 


33-43 


0.4 max 


OE 0.1 max; 


prEN3456 




















balU 


AECMA 




FrgNHT 


53-6.75 


0.08 max 


0.3 max 


0.0125 max 


0.05 max 


0.2 max 


33-43 


0.4 max 


OE 0.1 max; 


prEN3457 






















balTi 


AECMA 




Bar Wir Ann 


53-6.75 


0.08 max 


0.3 max 


0.0125 max 


0.05 max 


0.2 max 


33-4.5 


0.4 max 


OE 0.1 max; 


prEN3458 






















balTi 


AECMA 




Pit Ann 


53-6.75 


0.08 max 


0.3 max 


0.0125 max 


0.05 max 


0.2 max 


33-43 


0.4 max 


OE 0.1 max; 


prEN3464 






















balTi 


AECMA 




RcmcltNHT 


5.5-6.75 


0.08 max 


0.3 max 


0.0125 max 


0.05 max 


0.2 max 


33-43 


0.4 max 


OE 0.1 max; 


prEN3467 






















balTi 


France 
























AIR9183 


T-A6V 


Bar Rod Frg 


53-7 


0.08 


0.25 


0.012 


0.07 


02 


33-43 




balTi 


AIR 9 184 


T-A6V 


Bit 


53-7 


0.08 max 


0.25 max 


0.12 max 


0.07 max 


0.2 max 


35-43 




balTi 


Germany 
























DIN 


3.7164 


Sh Sop Pit Bar 


53-6.75 


0.08 


0.3 


0.0125-0.015 


0.05 


0.2 


33-43 


0.4 


balTi 






FrgAnn 


















DIN 


3.7264 


Cast Ann 


53-6.75 


0.1 


0.3 


0.015 


0.05 


0.2 


33-4.5 


0.4 


balTi 


DIN 17850 


3.7165 


Pit Sh Sop Rod 


53-6.75 


0.08 


0.3 


0.015 


0.05 


0.2 


33^.5 




balTi 






Wir Ann 










































(continued) 



486 / Alpha-Beta Alloys 



T1-6AI-4V and equivalents: specifications and compositions (continued) 



Specifi- 


Desig- 


Descrip- 






















cation 


nation 


tion 


A2 


C 


Fe 


H 


N 




V 


OT 


Other 




DIN 17851 


3.7165 


ShPltSnp Rod 


5.5-6.75 


0.08 


0.3 


0.015 


0.05 


0.2 


3.5-4.5 




balTi 








WirAnn 


















:M 
:> ;-- 


DIN 17860 


3.7615 


ShStrp 


53-6.75 


0.2 max 


0.3 max 


0.015 max 


0.05 max 




3.5-4.5 




balU 




DIN 17862 


3.7615 


Rod 


53-6.75 


0.08 max 


0.3 max 


0.015 max 


0.05 max 


0.2 max 


3.5-4.5 




balTi 


DIN 17864 


3.7615 


Frg 


53-6.75 


0.08 max 


0.3 max 


0.015 max 


0.05 max 


0.2 max 


3.5-4.5 




balT: 




Russia 


























GOST 19807-74 


VT6S 


Sh Pit Strp Foil 
Rod Ann 


5.3-6.8 


0.08 


0.25 


0.007 


0.05 


0.015 


3.5-4.5 


0.3 


2x0.3; Si 0.15; 
balTi % 




OST 1.90000-70 


VT6 


Sh Pit Strp Foil 
Rod Fig Ann 


5.5-7 


0.1 


0.3 


0.015 


0.05 


0.2 


4.2-6 


0.3 


Si0.15*;balTi 




OST 1.90060-72 


VT6L 


Cast 


5-63 


0.1 


0.3 


0.015 


0.05 


0.15 


3.54.5 


0.3 


2r03;Si0.15; 
W0.2;balTi 




Spain 


























UNE 38-723 


L-7301 


ShPltStrp Bar 


53-6.75 


0.1 


0.3 


0.125 


0.05 


0.2 


3.5-4.5 


0.4 


balTi 






Ex Ann 




















UNE 38-723 


L-7301 


SbPlt Strp Bar 


53-6.75 


0.1 


0.3 


0.125 


0.05 


0.2 


3343 


0.4 


balTi 





ExHT 



UK 

BS2TA.10 



BS2TA.11 

BS2TA.12 
BS2TA.13 
BS2TA^8 

BS 3531 Pan2 
BSTA36 

BSTA39 

DTD 5303 
DTD 5313 
DTD 5323 
DTD 5363 



USA 

AMS4905A 



AMS 4905 A 
AMS4906 

AMS4907D 

AMS 491 IF 
AMS 4920 
AMS4928K 

AMS4930C 



AMS 4931 

AMS 4934 A 
AMS4935E 
AMS4954D 



AMS4956B 
AMS4965E 

AMS4967F 



AMS 4985 A 
AMS4991A 
AMS 4993 A 



ShStrpHT 

Bar 
Frg 

FrgHT 

WirFrgHT 

Qucn 

Srg Imp 

Pit to 100 mm 

HT 

Sh Strp 

Bar Ann 
Frg Ann 
Frg Ann 
Cast 



ELI Pit 

Pit Beta Ann 
Sh Strp 

EUSh Strp Pit 
Ann 

Sh Strp Pit Ann 
Frg Ann 

BarWirFrg Bil 
Rug Ann 
EUBarWir 
FrgBURng 
Ann 

ELI Bar Frg 

BilRng 

Ex Rng STA 

ExRngAnn 

Fill met gas- 

metAV-arc 

weld 

ELI Fill Met 
Wir 

BarFrgRng 
STA/Mach 
Press ves 
Bar Frg Rng 
Mach/STA 
Press ves 
Cast Ann 
Cast Ann 
Powd Sim Nuts 



5.5-6.75 



5.5-6.75 

53-6.75 
5.5-6.75 
53-6.75 

5.5-6.75 
5.5-6.75 

5.5-6.75 

5.5-6.75 
5.5-6.75 
5.5-6.75 
5.5-6.75 



0.08 max 

0.08 max 
0.2 max 



0.3 

0.3 

0.3 
0.3 
0.3 

0.3 max 
0.3 

0.3 max 

0.3 max 
0.3 max 
0.3 max 
0.3 max 



0.01 

0.01 

0.01 
0.01 
0.01 



0.05 
0.05 
0.05 



0.2 

0.2 
02 
0!2 

0.2 max 



0.015 max 
0.0125 max 

0.0 1 25 max 0.05 max 

0.01 max 0.05 max 0.2 max 

0.015 max 0.05 max 0.2 max 

0.15 max 0.05 max 0.25 max 



3.5-4.5 
3.5-4.5 
3-5 

3.54.5 
3.54.5 

3.5-4.5 

3.54.5 
3.54.5 
3.54.5 
3.54.5 



V. 3.543; Ti 
88. 18 max; 
ON=025 
V. 3.54.5; Ti 
88.18max; 
Ti 88.19 max; 
Tx 88.18 max; 
Ti 88. 19 max; 

balTi 

Ti 88.2 max; 

O+N=0.25 

N+O=025; 

balTi 

balTi 

balTi 

bain 

N+O=027; 
balTi 



5.6-6.3 


0.05 max 


0.25 max 


0.0125 max 


0.03 max 


0.12 max 


3.64.4 


0.4 max 


Y 0.005 max; 


















OE 0.1 max; 


















balFe 


5.6-6.3 


0.05 


0.25 


0.0125 


0.03 


0.12 


3.6-4.4 


0.4 


Y 0.005; balTi 


5.5-6.75 


0.08 max 


0.3 max 


0.0125 max 


0.05 max 


0.2 max 


3343 


0.4 max 


Y 0.005 max; 


















balTi 


53-63 


0.08 


0.25 


0.0125 


0.05 


0.13 


3343 


0.3 


Y 0.005; balTi 


5.5-6.75 


0.08 


0.3 


0.015 


0.05 


0.2 


33^3 


0.4 


balTi 


53-6.75 


0.1 


0.3 


0.0125 


0.05 


0.2 


3343 


0.4 


Y 0.005; balTi 


53-6.75 


0.1 


0.3 


0.0125 


0.05 


0.2 


33^3 


0.4 


balTi 


5.5-63 


0.08 


0.25 


0.0125 


0.05 


0.13 


3.5^43 


0.4 


Y 0.005; balTi 


5.5-63 


0.08 


0.25 


0.0125 


0.03 


0.13 


3.543 


0.4 


Y 0.005; balTi 


5.5-6.75 


0.1 


0.3 


0.0125 


0.05 


0.2 


334.5 


0.4 


Y 0.005; balTi 


5.5-6.75 


0.1 


0.3 


0.0125 


0.05 


0.2 


3343 


0.4 


Y 0.005; balTi 


5.5-6.75 


0.05 


0.3 


0.015 


0.03 


0.18 


3343 . 


0.4 


Y 0.005; balTi 


5.5-6.75 


0.03 


0.15 


0.005. 


0.012 


0.08 


3.543 


0.1 


Y 0.005; balTi 


5.5-6.75 


0.08 


0.3 


0.0125 


0.05 


0.2 


3343 


0.4 


Y 0.005; balTi 


5.5-6.75 


0.08 


0.3 


0.0125 


0.05 


0.2 


3343 


0.4 


Y 0.005; balTi 


5.5-6.75 


0.1 


0.3 


0.015 


0.05 


0.2 


3.54.5 


0.4 


Y 0.005; bain 


5.5-6.75 


0.1 


0.3 


0.015 


0.05 


0.2 


334.5 


0.4 


Y 0.005; bain 


5.5-6.75 


0.1 


0.3 


0.01 


0.05 


0.3 


3343 


0.4 


Si 0.05; Na 



0.15;C10.15; 
balTi 



(continued) 



TI-6AI-4V/487 



H-6AI-4V and equivalents: specifications and compositions (continued) 



Specifi- 
cation 


Desig- 

UaUUJJ 


Descrip- 
tion 


Al 


Q 


Fe 


H 


N 


o 


v 


OT 


Other 


AMS4996 




Bill Powd Ann 


5.5-6.75 


0.1 


0.3 


0.0125 


0.04 


0.13-0.19 


33-43 


0.2 


Mo 0.1 max; 
























Sn 0.1 max; Zr 
























0.1 max; Mn 
























0.1 max; Cu 
























0.1max;Y 
























0.001; balTi 


AMS4996 




ELIBil 


5.5-6.75 


0.1 max 


0.3 max 


0.0125 max 


0.04 max 


0.13-0.19 


33-43 


02 max 


Y 0.001 max; 
























ueu.j max. 
























balTi 


AMS4998 




ELI Powd 


5.5-6.75 


0.1 max 


0.3 max 


0.0125 max 


0.04 max 


0.13-0.19 




0.2 max 


Y 0.001 max; 
























ucu.j max, 
























balTi 


AMS 4998 




Powd 


5.5-6.75 


0.1 


0.3 


0.012 


0.04 


0.13-0.18 


33-43 


0.2 


Mo 0.1 max; 
























Sn 0.1 max; Zr 
























0. 1 max; Mn 
























0.1 max; Cu 
























0.1max;Y 
























0.001; balTi 


ASTMB265 


Grade 5 


Sb Strp Pit Ann 


53-6.75 


0.1 


0.4 


0.015 


0.05 


0.2 


33-43 


0.4 


balTi 


ASTMB348 


Grade5 


Bar Bil Ann 


53-6.75 


0.1 


0.4 


0.0125 


0.05 


0.2 


3343 


0.4 


balTi 


ASTM B 367 


Grade C-5 


Cast 


53-6.75 


0.1 


0.4 


0.015 


0.05 


0.25 


33-43 


0.4 


balTi 


ASTM B 381 


Grade F-5 


Frg Ann 


53-6.75 


0.1 


0.4 


0.0125 


0.05 


0.2 


33-43 


0.4 


balTi 


ASTM Fl 36 




ELI Wrought Ann 


5.5-6.5 


0.08 


0.25 


0.012 


0.05 


0.13 


33-4.5 




balTi 


ASTM F467-84 


Grade 5 


for Surg Imp 
BltScrStd 


53-6.75 


0.1 max 


0.4 max 


0.0125 max 


0.05 max 


0.2 max 


33-43 




balTi 


ASTM F468-84 




BItScrStd 


53-6.75 


0.1 max 


0.4 max 


0.0125 max 


0.05 max 


0.2 max 


33-43 




balTi 


AWSA5. 16-70 


ERTi-6A14V 


Weld fill met 


53-6.75 


0.05 


0.25 


0.008 


0.02 


0.15 


33-43 




balTi 


AWSA5. 16-70 


ERTi-6A14V-l 


ELI Fill Met Wir 
Rod 


53-6.75 


0.04 


0.15 


0.005 


0.012 


0.1 


33-43 




balTi 


M3LA-46077D 




Weld armor pit 
Ann 


53-63 


0.04 


0.25 


0.0125 


0.02 


0.14 


33-43 


0.4 


balTi 


MDLF-83142A 


- Camp 6 


Frg Ann 


53-6.75 


0.08 


0.3 


0.015 


0.05 


0.2 


33-4.5 


0.4 


' balTi 


MIL r-83 1 42A 


Comp6 


FrgHT 


53-6.75 


0.08 


0.3 


0.015 


0.05 


0.2 


33-43 


0.4 


balTi 


MILF-83142A 


Couip7 


ELI Frg Ann 


53-63 


0.08 


0.2-0.25 


0.0125 


0.05 


0.13 


33-4.5 


0.3 


balTi 


M3LF-83142A 


Camp 7. 


ELI FrgHT 


53-63 " 


0.08 


0.25 


0.0125 


0.05 


0.13 


33-4.5 


03 


balTi 


MELT-81556A 


CodeAB-1 


ExBarShp Ann 


53-6.75 


0,08 


0.3 


0.0125 


0.05 


02 


33^3 


0.4 


balTi 


MILT-81556A 


CodeAB-1 


EXBarShpSTA 


53-6.75 


0.08 


03 


0.0125 


0.05 


0.2 


33-4.5 


0.4 


balTi 


MILT-81556A 


CodeAB-2 


ELI Ext Bar Ann 


53-63 


0.08 


0.25 


0.0125 


0.05 


0.13 


33-4.5 


0.3 


balTi 


MILT-81915 


TypelHCompA 


Cast Ann 


53-6.75 


0.08 


0.3 


0.015 


0.05 


02 


33-4.5 


0.4 


balTi 


MILT-9046J 


CodeAB-1 


Sh Strp Pit Ann 


53-6.75 


0.08 


0.3 


0.0125 


0.05 


0.2 


33-43 


0.4 


balTi 


MILT-9046J 


CodeAB-1 


Sh Strp Pit STA 


53-6.75 


0.08 


0.3 


0.0125 


0.05 


0.2 


3343 


0.4 


balTi 


MILT-9046J 


CodeAB-2 


EUSh Strp Pit 
Ann 


53-63 


0.08 


0.25 


0.0125 


0.05 


0.13 


33^.5 




balTi 


MILT-9047G 




Bar Bil STA 


53-6.75 


0.08 


0.3 


0.015 


0.05 


0.2 


35^.5 


0.4 


Y 0.005; balTi 


MJLT-9047G 




ELI Bar Bil Ann 


53-63 


0.08 


0.25 


0.0125 


0.05 


0.13 


33-4.5 


0.3 


Y 0.005; balTi 


MTLT-9047G 


MIL-T-9047G 


Bar Bil Ann 


53-6.75 


0.08 


0.3 


0.015 


0.05 


0.2 


33^.5 


0.4 


Y0.005;balTi 


SAEJ467 




ELI 


6.18 


0.023 


0.22 


0.008 


0.026 


0.097 






balTi 


H-6AMV commercial equivalents: compositions 


Specification Designation Description 


Al 


C 


Fe 


H 


N 


O 


V 


OT 


Other 



France 

Ugine 
Ugine 

Germany 

DeutscheT. 
Fuchs 
Fuchs 
Thyssen 

Thysscn 

Thyssen 

Japan 

Daido 
Dai do 
Daido 



UTA6V Sh Strp Pit Bar 5.5-6.75 
Frg Ann 

UTA6V Sh Strp Pit Bar 5.5-6.75 
Frg STA 



LT31 Ann 5.5-63 

TL64 Frg 6 

TL64ELI ELIFrg 6 

ContimetAlV Pit Bar Frg Ann 5.5-6.75 
64 

ContimetAlV Pit Bar Frg STA 5.5-6.75 
64 

ContimetAlV ELI Pit Bar Frg 5.5-6.75 



64 EU 

DATS 
DAT 5 
DT5 



Pip Ann 



RodBarRng 
Frg Ann 
RodBarRng 
Frg STA 
Rod Bar Frg 
Rng STA 



53-6.75 
5.5-6.75 
5.5-6.75 



' 0.08 
0.08 

0.08 

0.1 
0.1 
0.06 

0.1 
0.1 
0.1 



0.3 
0.3 

0.25 

0.3 
0.3 
0.15 

0.3 
0.3 
0.3 



0.015 
0.015 

0.013 

0.015 
0.015 
0.013 

0.015 
0.015 
0.015 



0.07 
0.07 

0.07 

0.05 
0.05 
0.05 



0.05 
0.05 



0.2 
0.2 

0.2 

02 
02 
0.13 

0.05 

02 

0.2 



3343 
3343 



334.5 
4 

■4 

3543 
334.5 
3343 



3543 
334.5 
3543 



balTi 
balTi 



balTi 
balTi 
balTi 
balTi 

balTi 

balTi 



balTi 
balTi 



balTi 
(continued) 



Ti-1 1 .5Mo-62r-4.5Sn (Beta III) / 767 



|Ti-11.5Mo-6Zr-4.5Sn 



Common Name: Beta III 
UNS No. R58030 



Beta III was developed in the 1960s by Crucible 
Steel. This alloy was intended to supplement Ti- 
13V-llCr-3AL It has excellent cold workability, 
heat treatability and mechanical properties, but it 
is very difficult to melt without molybdenum seg- 
regation. Crucible stopped making Beta III when 
they decreased their participation in the titanium 
market. 

Chemistry. The chemistry balance ultimately 
•selected for Beta III (11:5 Mo, 6 Zr, 4.5 Sn wt%) is a 
solute-rich composition developed by a semi-em- 
pirical balancing of desired properties. Molybde- 
num is a strong beta stabilizing element com- 
pletely soluble in beta titanium at elevated 
temperatures, and the nominal composition of 
Beta III contains enough of this element by itself to 
stabilize the beta phase to room temperature. Zir- 
conium and tin, often called neutral stabilizing ad- 
ditions to titanium, augment the beta phase stabi- 
lization in the quantities used in the Beta III alloy. 
Both zirconium and tin strengthen the alpha and 
beta phases of titanium and are soluble in both 
phases. Molybdenum, zirconium, and tin were 
combined in the Beta III formulation in quantities 
which produce very sluggish beta-phase reaction 
kinetics. 

At the same time, the amount of beta stabi- 
lizers was limi ted by cost and density considera- 
tions. Also, the uniformity of tensile ductility in the 
solution treated condition decreased with a more 



highly stabilized beta phase. 

Density. 5.06 g/cm>(0.183 lb/in. 3 ) 

Product Forms. Limited availability at present 
in all mill product forms. 

Applications. Aircraft fasteners, especially 
rivets, and sheet metal parts where cold formabil- 
ity and strength potential can be used to greatest 
advantage. Commercial applications have in- 
cluded springs and orthodontic appliances. Possi- 
ble use in plate and forging applications where 
high strength, deep hardenability, and resistance 
to stress corrosion are required and somewhat 
lower ductility is acceptable. 

Product Condition. Beta III is solution 
treated above and below the beta transus depend- 
ing on the desired properties. Brief solution treat- 
ment above the transus is sometimes used when 
maximum cold formability or deep hardenability 
is sought, but from the mill the Beta III alloy is 
usually solution treated slightly below the transus 
temperature. Solution treatment of worked mate- 
rial below or at the beta transus preserves a high 
dislocation density, which in turn results in a fine 
alpha dispersion upon subsequent aging. This con- 
dition generally gives the best combination of 
strength and ductility. The microstructure of Beta 
III is equiaxed beta when solution annealed above 
the beta transus, while a mixture of equiaxed al- 
pha in a beta matrix is present when solution an- 
nealing is performed in the a + p phase field. 



Ti-11 .5Mo~6Zr-4.5Sn (Beta III): Specifications and compositions 



Composition, wt%, 



Specification 


Designation 


Description 


C 


Fe 


H 


Mo 


N 




Sn 


Zr 


Other 


UNS 


R58030 




0.1 


035 


0.02 


10-13 


0.05 


0.18 


3.75-5.25 


4.5-7.5 




Spain 
























UNE 38-730 " 


1,7702 


Sh StrBarFrg 
Tube HT 


0.1 


0.35 


0.02 


10-13 


0.05 


0.18 


3.75-5.25 


4.5-7.5. 


OT0.4;balTi 


USA 
























AMS4980B 




BarWirSHT 


0.1 


0.35 


0.015 


10-13 


0.05 


0.18 


3.75-5.25 


4.5-7J5 


OT0.4;Y 
























0.005; bal 
Ti 

OT0.4;Y 
0.005; bal 
Ti 

OT0.4;balTi 


AMS4980B 




BarWirSTA 


. o.i 


0.35 


0.015 


10-13 


0.05 


0.18 


3.75-5.25 


4.5-7.5 
























ASTMB265 


Grade 10 


ShPltStrST 


0.1 


0.35 


0.02 


10-13 


0.05 


0.18 


3.75-5.25 


4.5-7.5 


ASTMB337 


Grade 10 


Pip ST 


0.1 


0.35 


0.02 


10-13 


0.05 


0.18 


3.75-5.25 


4.5-7.5 


OT0.4;balTi 


ASTMB338 


Grade 10 


Tube Heat 


0.1 


0.35 


0.02 


10-13 


0.05 


0.18 


3.75-5.25 


4.5-7 


OT0.4;balTi 






Ex/Con SHT 


















ASTMB348(10> 




Bar 


0.1 max 


0.35 max 


0.02 max 


10-13 


0.05 max 


0.18 max 


3.75-5.25 


4.5-7.5 


OT0.4 max; 


87 






















OE 0.1 max; 
balTi 


ASTMB348(10> 




Bil 


0.1 max 


0.35 mix 


0.015 max 


10-13 


0.05 max 


0.18 max 


3.75-5.25 


4.5-7.5 


OT0.4max; 
























OE 0.1 max; 
balTi 


MILF-83142A 


Camp 13 


Frg Ann 


0.1 


0.35 


0.02 


10-13 


0.05 


0.18 


3.75-5.25 


4.5-7.5 


OT0.4;balTi 


MILF-83142A 


Compl3 


FrgHT 


0.1 


0.35 


0.02 


10-13 


0.05 


0.18 


3.75-5.25 


4.5-7.5 


OT0.4;balTi 


MILT-9046J 


CodeB-2 


ST 


0.1 


0.35 


0.02 


10-13 


0.05 


0.18 


3.75-5.25 


4.5-7.5 


OT0.4;balTi 


MILT-9047G 


Ti-4.5Sn-6Zr-ll.5Mo 


BarBilSHT 


0.1 


0.35 


0.02 


10-13 


0.05 


0.18 


3.75-5.25 


4.5-7.5 


OT0.4;Y 



0.005; bal 
Ti 



(a) Maximum unless a range is specified 



Ms temperature (K) 




